We clarified important roles of Arabidopsis TCP1, a member of the TEOSINTE BRANCHED1, CYCLOIDEA, and PCF (TCP) transcription factors, in the longitudinal elongation of petioles, rosette leaves and inflorescent stems. We found that the promoter of TCP1 was active in the cotyledonary petioles and the distal part of the expanding leaves, as well as the midrib region and the petiole.
Mature leaves of higher plants have a relatively flat structure and are composed of a proximal petiole and a distal blade positioned along the proximodistal axis. Coordinated growth of the marginal and central regions generates the flat surface of the leaf blades.
1) Twodimensional expansion of the leaves depends on a balance of elongation in the longitudinal and lateral directions. 2) CINCINNATA (CIN) of Antirrhinum majus and Arabidopsis TCP genes, similarly to CIN, are required for the generation of the flat surface and smooth margin of the leaves. 1, [3] [4] [5] [6] The TCP genes code for plant-specific transcription factors. [7] [8] [9] The Arabidopsis genome has 24 TCP genes, which are grouped into two classes known as the PCF subfamily (class I TCP genes) and the CYCLOIDEA/TEOSINTE BRANCHED1 (TB1) subfamily (class II TCP genes), based on the similarity of the DNA binding domains. 10) Class II TCP genes are composed of eight CIN-like TCP genes, two TB1-like TCP genes, and TCP1. 4, 11) To obtain the full view of roles of the class II TCP genes in the shoot development, functional analysis of TCP1 is required. In this study, we analyzed the function of TCP1 and found that it regulates the longitudinal elongation of the leaves.
To determine the function of TCP1, we applied chimeric repressor silencing technology (CRES-T) to it, 12) because no T-DNA tagged lines for TCP1 were available from public seed-stock centers, and no phenotypic change was observed in a hundred lines of transgenic plants that have the inverted repeat sequence for the 473-bp region at the 3 0 end of TCP1 that would make possible an RNA interference strategy. 13) We converted TCP1 into a chimeric repressor by fusing it with SRDX, a transcriptional repression motif, 12) and we expressed the fused gene under the control of the cauliflower mosaic virus (CaMV) 35S promoter (35S::TCP1SRDX) in Arabidopsis thaliana (Col-0). Expression of TCP1SRDX induced various morphological abnormalities, which were evident on elongation in the longitudinal direction of several parts of the shoots. Of the 98 T1 transgenic plants investigated, 45 plants had defects in the morphology of the seedlings. We confirmed that the abnormal phenotype was inherited to the T3 generation.
The seedlings of 35S::TCP1SRDX plants had defects in the elongation of cotyledonary petioles, but had normal morphology of the cotyledonary blades ( Fig. 1A and B). The 35S::TCP1SRDX plants had dwarf rosettes ( Fig. 1C and D) . The rosette leaves of the 35S::TCP1SRDX plants had severe defects in the longitudinal elongation of both the petioles and the blades ( Fig. 1E and F ). In the reproductive phase, elongation of inflorescent stems of the 35S::TCP1SRDX plants was inhibited ( Fig. 1G and H) . These results indicate that TCP1SRDX inhibited elongation of the leaves and stems in the longitudinal direction.
When plants were placed horizontally and grew on their side, the inflorescent stems were bent upward due to gravitropism, as a result of differential expansion of the cells 14) ( Fig. 2A) , but the inflorescent stems of the 35S::TCP1SRDX plants did not bend when they were placed horizontally (Fig. 2B) . These results suggest that TCP1SRDX inhibited differential expansion of the cells, although the molecular mechanism is unknown.
We examined the pattern of expression of TCP1 using a -glucuronidase (GUS) reporter gene that was fused with the corresponding genomic fragment of 2,980 bp of the 5 0 -upstream region of TCP1 (ProTCP1::GUS). The promoter of TCP1 was inactive in the seedlings of 2-day-old ProTCP1::GUS plants, which did not initiate elongation of the cotyledonary petioles (Fig. 3A) . The promoter activity of TCP1, as displayed by blue staining due to the GUS activity, was strong in the cotyledonary petioles, but not in the cotyledonary blades of 7-d-old seedlings (Fig. 3B) . It was also detected in the distal region of expanding rosette leaves, as well as in the midrib of the blade and the petiole during the developy To whom correspondence should be addressed. Tel: +81-75-753-6381; E-mail: t-koyama@lif.kyoto-u.ac.jp Abbreviations: BR, brassinosteroid; CaMV, cauliflower mosaic virus; CIN, CINCINNATA; CRES-T, chimeric repressor silencing technology; GUS, -glucuronidase; LNG, LONGIFOLIA; TCP, TEOSINTE BRANCHED1 CYCLOIDEA and PCF; TB, TEOSINTE BRANCHED Biosci. Biotechnol. Biochem., 74 (10), [2145] [2146] [2147] 2010 Note ment of the leaves (Fig. 3C, D , and E), while it was inactive at the earlier developmental stage of the leaves (Fig. 3D) . In the reproductive phase, the promoter of TCP1 was active in the lower part of the inflorescent stem (Fig. 3F) . It was also active in the branch of the adaxial side of the stem and the pedicel (Fig. 3G) , consistently with a previous report on the expression of TCP1 in the adaxial domain of inflorescent stems, 15) and in the medial region of the cauline leaves (Fig. 3H) . Our results suggest that the pattern of expression of TCP1 was largely correlated with the tissues that were defective due to the expression of TCP1SRDX gene.
We propose that TCP1 is involved in the longitudinal elongation of the petioles, blades of rosette leaves, and inflorescent stems, considering our analysis of the phenotype of 35S::TCP1SRDX plants and the expression of TCP1. It is likely that the longitudinal elongation of the blade of leaves is coordinated with the growth of the midrib region, in which TCP1 is expressed. Resembling the results for TCP1, genes for CYP90D1, AtEXP10, LONGIFOLIA1 (LNG1), and LNG2 promote longitudinal elongation of the blades of leaves and are also expressed in the midrib region and the petiole of leaves. [16] [17] [18] In views of the fact that the 35S::TCP1SRDX plants appeared to have defects in the gravitropic response due to a loss of the differential expansion of cells in the inflorescent stems, we postulate that TCP1 has a function in the expansion of the cells in the leaves. TCP1 is transiently expressed in the distal region where cells cease division and initiate expansion. 1, 19) TCP1 is likely to regulate the elongation of the cells in the distal region.
Despite the possible role of TCP1 in longitudinal elongation, the transgenic plants in which TCP1 was ectopically expressed under the control of the CaMV 35S promoter had normal morphology (data not shown). This indicates that ectopic expression of TCP1 alone is insufficient for longitudinal elongation, but it was reported recently that TCP1 regulates brassinosteroid (BR) biosynthesis. 20) The activation tagged locus, tcp1-1d, can suppress the phenotype of the shortened petioles, but the not rounded leaf shapes, of br insensitive1-5. In addition, an intermediate of BR biosynthesis is increased in tcp1-1d but decreased in 35S::TCP1SRDX plants. Thus, TCP1 might set the level of accumulation of BR to regulate the elongation of the petioles.
In this study, we determined the role of TCP1 in the longitudinal elongation of the leaves and stems. This role of TCP1 is distinct from that of other class II TCP genes. 4, 11) Our work provides a view of the action of class II TCP genes in the development of the shoots.
